Approximately two percent of the United States population are traumatic brain injury (TBI) survivors. The unemployment rate among them is substantial. Cognitive skills are essential to perform any job. OBJECTIVE: We analyzed the literature on cognitive rehabilitation (CR) related to mild/moderate TBI to learn the influence of cognition on return to work (RTW) post TBI.
Introduction
Over the past decade, the morbidity and mortality rates for Traumatic Brain Injury (TBI) have increased. The Centers for Disease Control and Prevention (CDC) estimated that the combined rates of TBI related emergency department visits, hospitalizations, and deaths were 823.7 per 100,000 in 2010 [1] . Approximately two percent of the United States (US) population live with disabilities secondary to brain injuries [2] . Focused rehabilitation efforts are imperative to ensure the quality of life (QOL) of TBI survivors.
The ultimate aim of any rehabilitation program is to achieve the highest possible level of function and QOL. Among the myriad factors that affect QOL, Return to Work (RTW) is considered a critical one [3] , as work plays a valuable role in a person's life [4] and employment is considered a positive factor that influences QOL [5] . Using the World Health Organization's model of disability, Pierce and Hanks [6] cited participation as a strong predictor of life satisfaction among individuals with disability. Return to work enhances self-esteem and allows a person with disability to return to being a productive member of the society. Traumatic brain injuries range in severity from mild to severe and are typically classified based on the duration of unconsciousness, extent of posttraumatic amnesia, and findings on structural imaging [7] . Traumatic brain injury and other neurological dysfunctions prevent RTW by affecting physical, psychosocial, cognitive, and visual-perceptual skills [5, 8, 9] . Cognitively, they impair effective job performance by creating difficulties in learning new job tasks and attending to tasks [10] . Regardless of the severity level, TBI affects an individual's ability to work. Boeing et al. stated that even a mild TBI can affect one's ability to work "as a result of changes in interpersonal relationships, short term memory, executive skills, and behavior" [11, p.35] . Coetzar et al. [12] reported that individuals with moderate to severe TBI showed a significant change in their work status post-injury when compared to that of pre-injury. Among TBI survivors, the unemployment rate was reported to be substantially high [13, 14] .
Cognitive skills are most affected in brain injuries, to an extent that is proportional to the severity of the injury [15] . Mahar and Fraser stated that "disruption of cognitive functioning is irrefutably the primary deficit following most forms of brain injury" [9, p. 54] . The cognitive skills that are affected due to TBI include attention, memory, processing speed, problem solving, judgment, executive functioning, self-awareness, numeracy and literacy ability, multitasking ability, and verbal learning and comprehension [9, [16] [17] [18] . A variety of cognitive intervention methods comprised of both restoring and compensating interventions were used to treat cognitive deficits in TBI [19] . Cognitive recovery post TBI was reported to be less predictable and influenced by several factors [20] .
Multiple factors influence RTW outcomes in TBI rehabilitation. Pre-injury demographics (e.g., age, gender, education, race, marital status, pre-injury productivity, type of pre-injury occupation), injuryrelated variables (e.g., severity, mechanism of injury, duration of coma, length of post-traumatic amnesia, pattern of recovery, length of hospital stay, level of disability at the time of admission to rehabilitation), and post-injury variables (e.g., comorbid psychiatric diagnoses, duration since injury, physical rehabilitation services received, job-placement services received, psychosocial services received, disability rating outcomes, functional status at discharge) influence RTW outcome post TBI [19] [20] [21] [22] [23] [24] [25] [26] [27] . Public awareness on TBI and recovery [9] , and availability of support services for individuals with TBI were also found to influence RTW post TBI [28] .
Since there is a complex interplay between cognition, TBI, and RTW, to deliver effective vocational rehabilitation and facilitate community integration, it is critical for rehabilitation professionals to understand the relationship between "cognition" and "RTW post TBI." This systematic review synthesizes evidence to examine the relationship between cognition and RTW among TBI survivors with mild or moderate TBI. The underlying objective is to identify whether cognition based interventions facilitate RTW post TBI.
Methodology
For this systematic review, the authors adopted an approach from a guidebook on critical appraisal for evidence-based practice [29] . This approach advises the researchers completing a systematic review to formulate a focused clinical question, determine inclusion and search strategies, critically evaluate the studies, and summarize the findings. The PIO (Population, Intervention, & Outcome) question was formulated based on the consensus among the authors' on the clinical utility value of the question. This review answers the following PIO question: What is the evidence on the relationship between cognition (intervention) and RTW (outcome) post TBI (population)?
Inclusion and exclusion criteria
To synthesize the latest evidence, only articles published between 2000 and 2015 were selected for review. Only articles published in English were chosen as English is considered a universal language. In addition, articles were selected only if the study samples were adults between 18 and 65 years of age. This age range was applied because work is considered an adult occupation and vocational services were typically provided, in practice, to individuals of working age [30] . Studies related to acquired brain injury (ABI) were also selected for review if the study's sample included individuals with TBI. Acquired brain injury studies were part of the inclusion criteria since ABI includes all types of TBI [31] . Articles were excluded if the study samples included individuals: (a) with a diagnosis of severe TBI, (b) with a diagnosis other than TBI, or (c) who did not meet the18 to 65 age range. However, the authors did consider one study with a large sample size [26] in which the sample included individuals with severe TBI, due to its strong relevance to the PIO question and because 64% of the sample were individuals with mild and moderate TBI. Articles were also excluded if the focus was not on cognitive skills or cognitive rehabilitation. In addition, gray literature such as dissertations, reports, and conference abstracts were excluded.
Search strategy
The authors used a wide range of sources (Table 1) to identify articles for this review. The authors selected these sources because of their relevance to the PIO question under investigation. In order to retrieve the most relevant results from the databases and journals, all search entries included the term TBI, along with a combination of the following keywords: "cognition," "return to work," "work resettlement," "vocational rehabilitation," "community integration," "cognitive rehabilitation," "cognitive intervention," "adults," "mild traumatic brain injury," and "moderate traumatic brain injury."
The authors independently searched the databases and journals, dividing the sources among themselves based on their preference and ability to access full-text articles. The abstracts that emerged were carefully reviewed by applying the inclusionexclusion criteria.
To classify the obtained evidence, the authors used the levels of evidence recommended by the American Occupational Therapy Association, Inc., in the document "Guidelines for Systematic Reviews" [32] . The guidelines define five levels of evidence. Level I includes systematic reviews, meta-analyses, and randomized controlled trials (RCT's); level II includes two groups, nonrandomized studies; level III includes one group, nonrandomized studies; level IV includes descriptive studies that include analysis of outcomes; and level V includes case reports and expert opinion with narrative literature and consensus statements.
Results
The search of the databases and journals yielded a total of 258 articles. Of the 258 articles, 224 articles did not meet the inclusion criteria after the abstracts were reviewed. Of the remaining 34 articles, four were further excluded after the full text was analyzed because they examined non-cognitive variables, job search and placement services, vocational services, and case coordination services related to RTW post TBI. Therefore, the literature search yielded a total of 30 applicable articles with varying levels of evidence. Table 2 presents the evidence summary. Given the heterogeneity of the obtained evidence, the authors examined the articles for similarities in findings and grouped them into three themes. Of the 30 articles, 10 articles identified cognition as an important predictor variable of RTW post TBI, seven articles identified cognition as a critical variable in RTW assessments post TBI, and 13 articles supported the use of cognitive rehabilitation to facilitate RTW post TBI. Key findings of the articles reviewed are summarized below.
Cognitive variables predict return to work post traumatic brain injury
Ten studies identified either single or multiple cognitive variables as predictors of RTW post TBI, including 4 Level I studies [22, 25, 33, 34] , one Level II study [23] , 2 Level III studies [21, 26] , and 3 Level IV studies [24, 35, 36] . Executive functioning emerged as the most commonly cited predictor variable of RTW post TBI and was cited in three studies [23, 34, 35] . The Disability Rating Scale (DRS) outcome, which rates the cognitive ability to perform self-care activities, was identified as a predictor Table 2 Evidence summary Normal range scores on most neuropsychologic tests predicted a 40% to 130% increase in the probability of employment. Neuropsychological testing can help predict long-term productivity in patients with TBI.
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. variable in two studies [24, 37] . Attention [24, 35] , memory [23, 33] , and verbal skills [22, 23] were also cited in two studies each as predictors of RTW post-TBI. Other cognitive factors cited in the studies included: performance IQ [22] ; the Functional Independence Measure (FIM™) outcome, which also assesses cognitive disability [21] ; global cognitive functioning [34] ; perceptual ability [34] ; and processing speed [35] .
Cognitive assessment as an inherent component in return to work assessments
Seven studies identified cognition as a critical variable in RTW assessments of patients with mild/moderate TBI. One Level I systematic review suggested cognitive testing under its proposed domain-specific clinical guidelines for vocational evaluation post TBI. Three other Level V articles (38, 39, 40) highlighted the importance of cognitive testing. Cognitive testing was a part of RTW assessments, a participation based and a process oriented criterion referenced, described by 2 level V studies [37, 41] . All of these studies recommended standardized testing of baseline cognitive abilities during work skills assessments. Further, a Level III validation cohort study [10] highlighted the predictive ability of neuropsychological tests in predicting RTW and long-term productivity among patients with TBI.
Cognitive rehabilitation facilitate return to work post traumatic brain injury
Thirteen studies in this review demonstrated the efficacy of cognitive interventions in facilitating RTW post TBI. Six of the studies were literature reviews, five studies were efficacy studies with one or more comparison groups, one was a single group study, and one was an article with expert opinions.
Several review studies identified cognitive intervention as a viable intervention to successfully facilitate RTW in patients with TBI. One Level I systematic review [19] highlighted the role of cognitive interventions in improving neurobehavioral symptoms and successful RTW. Four Level IV descriptive reviews [8, [42] [43] [44] recommended cognitive interventions, with increased emphasis on compensatory strategies, to facilitate RTW.
Evidence from 2 Level I studies [45, 46] and 2 Level II studies [47, 48] reported on the benefit of cognitive interventions to accelerate RTW. In these studies, cognitive interventions were focused on improving memory, post-concussive symptoms, and neuropsychological functioning.
Two studies identified the relationship between retraining specific cognitive skills and RTW post TBI. Klonoff et al. [49] identified that cognitive retraining associated with processing speed, visual perceptual skills, and memory enhanced successful RTW. Through case studies, Mateer and Sira [50] identified that attention interventions would increase the likelihood of RTW. Further, they recommended individually tailored, context-based cognitive interventions focused on attention, memory, and executive functioning.
Expert opinions favor cognitive rehabilitation in facilitating RTW post TBI. In their article on clinical guidelines for treating service members with mild TBI, Radomski et al. [51] recommended that OT practitioners assess and treat cognitive deficits that interfere with everyday functioning. Radomski et al. also recommended that practitioners incorporate compensatory strategies and self-awareness training as part of the OT intervention.
One study reported on the influence that pre-injury occupational factors have on RTW post TBI. Walker et al. [52] examined the relationship between preinjury occupational category and RTW post TBI and concluded that after a multidisciplinary intervention with neuropsychological treatment, individuals who worked in a professional/managerial role prior to injury were more successful in RTW than individuals who were skilled/manual laborers.
Discussion
The findings of this review show that cognition plays an important role in RTW post TBI. This review systematically assesses published studies dealing with cognition, mild/moderate TBI, and RTW to examine how cognition influences RTW post TBI. This study adds to the existing research on cognitive rehabilitation in TBI by emphasizing the importance of cognitive assessment and intervention in facilitating RTW. Caution must be exerted when generalizing the findings as the studies included in this review varied in design (intervention studies, prospective cohort studies, retrospective analysis, case series, and descriptive articles with expert opinions) and were conducted in different settings with different demographic and clinical characteristics. However, despite the differences, the authors believe that this review highlights the critical role that cognition plays in facilitating and sustaining RTW post TBI.
This review identifies cognition as one of the significant predictor variables of RTW post TBI. It is not surprising that executive function emerged as a significant predictor since it is considered an essential skill to perform any kind of work. Matheson, Dodson, and Wolf stated that "executive functions control emotional responses and provide coordination and integration of the basic cognitive processes" [53] , which are much needed skills for effective job performance. Matheson et al. added that the demand for executive functioning on a job was positively associated with job complexity and negatively associated with job organization. Other cognitive skills (attention, memory, information processing, and verbal skills) that surfaced in this review as predictive cognitive skills were identified in the RTW literature as essential cognitive skills for effective job performance [42, 54, 55] . It is interesting to note that these skills were also reported to be significantly affected in patients with mild TBI [56, 57] .
Cognitive evaluations, often in the form of neuropsychological evaluations, were reported to be effective in identifying an individual's capacity to work [11] because they provided valuable information on the assessed individual's strengths and deficits. Such evaluations can help rehabilitation professionals understand TBI survivors and plan effective treatment for them. Although several studies in this review supported the use of cognitive assessment as part of RTW assessments, the method of testing varied widely across the studies. Some studies used standardized tests [10, 38] while other studies used task and domain specific assessments [37, 58] . Interestingly, one study interviewed the employer to gain information about the cognitive capacity of an employee with TBI [41] . This variability creates an inconsistency in testing cognitive abilities in RTW assessments. Wasiak et al. [59] argued that the inconsistency and lack of comprehensiveness of RTW measurements are factors that limit the understanding of RTW. Hoofien et al. [60] also highlighted the inconsistency of the outcome measures used in TBI rehabilitation. On the other hand, Bayley et al. [61] advocated for tailored cognitive assessments based on patients' premorbid cognitive characteristics and life goals. The findings reveal a lack of a comprehensive RTW cognitive assessment tool focusing TBI survivors.
Cognitive rehabilitation for individuals with TBI was reported to be an effective intervention. The literature reviews by Cicerone et al. revealed that the treatments for attention, memory, functional communication, and executive functioning after TBI were effective [48, 62] . The current findings add to this literature.
Two notable observations emerged during the analysis of the literature. First, cognitive rehabilitation post TBI focused more on using compensatory strategies than remedial strategies. Several studies in this review recommended the use of compensatory strategies [19, 42, 43, 49] . Cernich et al. [63] stated that training in the use of supportive devices remains central to independent functioning of individuals with TBI in the community.
Second, both the review and intervention studies highlighted multidisciplinary/interdisciplinary rehabilitation practices in facilitating RTW post TBI. This is consistent with some previous findings, which favored multidisciplinary practices in RTW interventions [11, 64, 65] . Watanabe [66] found that greater gains in cognitive functions can be achieved through a multidisciplinary approach to rehabilitation. Rattok and Ross [67] stated that for effective results, cognitive deficits should be treated within a comprehensive neurorehabilitation model involving multiple modalities. Turkstra and Kennedy [68] highlighted the collaboration between OTs and speech language pathologists (SLPs) to effectively deliver cognitive rehabilitation.
Implications for practice
• Cognitive assessment and rehabilitation deserves more attention across the continuum of TBI rehabilitation (acute, post-acute, and community-based).
• There is a need for a comprehensive RTW cognitive assessment tool specific to the TBI population.
• Return to work cognitive assessments should place more emphasis on executive functioning, attention, memory, information processing, and verbal skills, as these cognitive skills were found to increase the likelihood of successful RTW.
• With respect to RTW interventions, a multidisciplinary approach yields a better outcome. When facilitating RTW post TBI, successful job placements can be achieved when OTs, PTs, SLPs, psychologists, vocational counselors, social workers, and job coaches work together.
• Compensatory cognitive strategies with supportive devices appear to be more effective than remedial strategies when facilitating RTW and community integration post TBI. Hence, therapists may consider using more of a compensatory model than a remedial model when treating patients with chronic cognitive impairments post TBI.
Limitations
First, articles included in this review were critically appraised by a single author. This may have resulted in selective perception/interpretation bias. Authors recognize this as a methodological flaw. However, to increase the validity of the findings, the second and third authors reviewed the critically appraised summaries after reading the originally published abstracts. Second, this review included only published literature; inclusion of gray literature may have reduced publication bias. Third, a majority of the studies included in this review recruited samples through convenience sampling, which increases sampling bias and limits the generalizability of the findings. However, the authors noted that, in some studies, to minimize the selection bias, participants were randomly assigned to the experiment and control groups after being recruited through selective sampling. Fourth, several intervention studies included in this review had low sample size, which limits the generalization of their findings and therefore, this review's findings. Further, in some intervention studies, though the primary focus was on cognitive rehabilitation, there appears to be an overlap of other related interventions, which means that the outcomes cannot strictly be attributed to cognitive interventions.
Conclusion
This systematic review asserts that cognition predicts and facilitates RTW post TBI. It also supports the notion that unemployment issues among TBI survivors can be mitigated through multidisciplinary care coordination with an increased focus on cognitive assessment and rehabilitation. Longitudinal studies are recommended to gain an in-depth understanding about the relationship between cognition and RTW post TBI, effects of cognitive rehabilitation on job sustainability, and factors influencing the long term delivery of cognitive rehabilitation, such as reimbursement and lost follow-up. Advocacy for cognitive rehabilitation to support RTW after TBI is recommended.
